Study objective-The aim was to describe the pattern of seasonal variation in all cause mortality in The Netherlands, and to analyse the contribution of specific causes of death to the winter excess of all cause mortality.
In countries with a "modern" mortality regime death rates are higher in the winter months than at other times of the year. ' An analysis of long term trends in seasonal mortality patterns in England and Wales has shown that there has been an excess of mortality in the first quarter of the year since the start of death registration. This excess was rather small during the 19th century but rose considerably during the first half of this century (due to rapid declines in mortality from gastrointestinal infections, which used to cause summer epidemics). Since 1950 the winter excess in mortality has diminished again, but it is still substantial. 2 We report on an analysis of seasonal variation in mortality in The Netherlands in a recent time period (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) . Using data on mortality by day and cause of death we have addressed the following questions: (1) What is the pattern of variation (functional form, timing, amplitude) of all cause mortality within the year? and (2) What is the contribution of specific causes of death to the winter excess oftotal mortality, and what do cause specific patterns suggest about backgrounds of the variation in all cause mortality?
We shall also pay attention to deviations from the usual pattern in this sequence of nine years, because years with exceptional patterns of variation may provide important suggestions about possible backgrounds.
The analysis to be reported here forms the first part of a larger study of seasonal variation in mortality in The Netherlands, commissioned after an episode of exceptionally high mortality rates in the first months of 1986 . In later communications we will report on analyses of the association between mortality and a number of explanatory variables.
Methods
Numbers of deaths, by day on which the death occurred (from 1 January 1979 to 31 December 1987) and by cause of death (according to the abridged mortality (AM) list of the International classification of diseases), were supplied by the Netherlands Central Bureau of Statistics. Table I presents some basic information about these causes of death. Some uncommon causes of death have been grouped together, as well as a number of narrowly related causes. Cardiovascular diseases are by far the largest group of causes of death in The Netherlands (44% of total mortality), followed by malignant neoplasms (27%), respiratory diseases (5%), and external causes (5%). The standard deviation of the daily number of deaths is mostly much larger than the standard deviation under the assumption of a Poisson distribution (this standard deviation is approximately equal to the square root of the observed number of deaths). This suggests that the daily variation is indeed much larger than expected on the basis of chance fluctuations alone.
Population numbers by age (in five year age groups) and sex for the first of January of each year were available from the population register. Linear interpolation provided estimates of person-days at risk, by age and sex, for each calendar day in the period considered. For the age group < 1 year we adjusted the person-days obtained with the interpolation method for the seasonal variation in the number of births.
As daily numbers of deaths were not available by age and sex, we had to resort to a form of indirect standardisation, using person-days at risk by age and sex and average daily mortality rates by age and sex for the whole period (calculated from published data) to calculate "expected" numbers of deaths for each calendar day.
In order to summarise the patterns of variation in mortality we performed a Poisson regression analysis.3 We started with a simple model in which the observed numbers of deaths (y) were related to the expected numbers of deaths (see above) and a linear function of time to allow for secular trends. We then proceeded by adding a simple periodic function to descibe the pattern of variation within the year.4 The regression equation for this model is: A period of nine years is of course rather short to establish "usual patterns ofvariation". In order to test the stability of the estimates based on the nine year period, we repeated the analysis by subsequently omitting each of the nine years. The results of this informal "jack knife" method indicate whether the estimates may be biased by the presence of one "exceptional" year.
The computations were performed with the GLIM computer package,5 which calculates maximum likelihood estimates for the regression parameters by using an iteratively reweighted least squares procedure. Differences 16 Of the causes having their peak in January, Total   1979  29 373  27 875  26 473  28 847  112 568  1980  30 061  28 042  26 919  29 302  114 324  1981  30 145  28 221  27 077  30 118  115 561  1982  30 750  29 073  27 608  29 876  117 305  1983  31 056  28 956  27 964  29 873  117 849  1984  31 812  29 724  27 735  30 463  119 734  1985  34 314  28 979  27 671  31 677  122 641  1986  36 469  29 769  28 228  30 808  125 274  1987  32 384  29 699  28 280  31 724  122 087 selected (ninth order) model, this episode lasted from February 10 to March 25. It is perhaps to be interpreted as a larger than usual second peak in the normal winter excess. The total number of deaths in this period was 24% (or 3700 in absolute terms) higher than the numbers expected. Possible mechanisms accounting for this association include the effects of thermoregulatory responses on arterial pressure and the risk of thrombosis (through increased blood platelets, red cell counts, and blood viscosity)." 12 Mortality due to pneumonia and influenza peaks in early March. This reflects the responsiveness of these causes of death to influenza epidemics (and maybe to other respiratory infections), which happen to occur mostly in February or March in The Netherlands. This is of course not by chance alone: conditions for the spread of these epidemics are obviously more favourable in these months than at other times of the year. The delayed effects of winter mentioned above (eg, hours spent indoors, fruit intake, general physiological condition) may be involved here. At the same time, influenza epidemics also contribute to increased rates of cardiovascular mortality in late winter.
Mortality due to malignant neoplasms does not show a marked seasonal variation. This is remarkable because it shows that the increased mortality in winter is not a generalised phenomenon striking all those whose health is compromised. It appears to be caused by more specific mechanisms.
The importance of influenza is also apparent from its contribution to an episode of exceptionally high mortality in February/March 1986. The influenza surveillance system of The Netherlands registered a very high incidence of influenza in this period. 3 Although mortality due to influenza (as a registered underlying cause of death) forms only 8% of this mortality increase, it is well known that influenza also contributes to the death of people with other underlying conditions, especially chronic cardiovascular and respiratory diseases.
Analyses from the United Kingdom have shown that each influenza death was associated with 3 6 excess deaths (due to all causes including influenza) in 1949-1985.'4 There appears to have been a rise in the total number of excess deaths per influenza death over this period, and during a recent epidemic in the winter of 1989/1990 a ratio of 10:1 was found.'5 On the basis of table IV we would calculate a ratio of 12:1 (3700:300) for the 1986 epidemic in The Netherlands.
The high mortality rates during this epidemic were not followed by a compensatory lowering of mortality later in the same year. It is clearly not those who were already terminally ill who were killed by this epidemic. This again stresses the importance of improving vaccination strategies in The Netherlands, which are rather inadequate at this moment. '6 This study was supported financially by the Ministry of Welfare, Public Health and Culture, Rijswijk, The Netherlands.
